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Effect of Various In-furnace Conditions on Blast Furnace Hearth Drainage
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Stable blast furnace operation is required to reduce energy consumption and CO, emission in iron and steelmaking industry. For the stable
blast furnace operation, precise controlled drainage is one of the important factors. Therefore, in this work, the effect of coke diameter, void
fraction, coke diameter distribution, coke free space, impermeable zone, slag viscosity in a blast furnace hearth on drainage rates, gas—slag
and slag—iron interfaces shapes and maximum gas—slag interfaces height were examined with a three-dimensional mathematical model.

The results indicate that the conditions of the peripheral region at the taphole level determine the residual slag volume. The packed bed in
the region 2.0 m from the taphole has about 50% of contribution to the residual slag volume. The void fraction change has the largest effect
on the gas-slag interfaces height. The coke diameter distribution has little effect on the total drainage rate as well as the coke diameter of the
uniform packed bed, coke free space, and impermeable zone bellow the taphole level. The taphole conditions dominate the total drainage rate
under the terms of the assumed blast furnace conditions. The conditions of the peripheral region in the hearth determine the drainage rate
patterns of the iron and slag. The peripheral region’s permeability can be predicted from the drainage rate patterns of iron and slag, if precise
measurement of the drainage rate patterns can be achieved. A drainage pattern, whether iron drains prior to slag or slag drains prior to iron, is
largely affected by a drainage interval.
iron and slag flow; residual slag volume; numerical simulation; VOF method; blast furnace hearth; ironmaking; coke diameter; void fraction;

slag viscosity.
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Table 1. Conditions for calculation in Section 3.1-3.6.

Hearth temperature (K) 1773
Inner volume of blast furnace (m?) 5000
Hearth diameter (m) 14
Taphole location from bottom (m) 3.0
Quantity of production (tonnes/d) . 10,000
Slag ratio (kg/thm) 300
Taphole length (m) 25
Taphole surface roughness (mm) 1.0
Initial taphole diameter (mm) 53.0
Expansion rate of taphole diameter (m/s) 1.736x10¢
Gas-Slag interface pressure (Pa) 4.5x108
Outflow pressure for taphole (Pa) 1.0x10%
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Table 2. Conditions for calculation in Section 3.7.

Hearth temperature (K)

1773
Inner volume of blast furnace (m?) 1845
Hearth diameter (m) 9.6
Taphole location from bottom (m) 1.2
Quantity of production (tonnes/d) 4,150
Slag ratio (kg/thm) 227
Taphole length (m) 25
Taphole surface roughness (mm) 1.0
Initial taphole diameter (mm) 416
Expansion rate of taphole diameter (m/s) 1.493x106
Gas-Slag interface pressure (Pa) 4.1x108
Outflow pressure for taphole (Pa) 1.0x10%
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Fig. 1. Temporal variation of iron, slag and total drainage
rate and relative interfaces height from taphole
under base condition.
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Fig. 2. Effect of coke diameter on temporal variation of
iron, slag and total drainage rate. Coke packed bed
is uniform.
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Fig. 3. Effect of coke diameter on gas—slag and slag—iron
interfaces height.
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Fig. 6. Effect of void fraction on gas—slag and slag—iron
interface height.
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